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Abstract
Objective: The current study aims to investigate different inter-stimulus interval effect on habituation process by
using non-painful tactile stimuli.

Methods: Twelve right-handed healthy volunteers (6 female; mean age: 22.9 + 1.93 years) participated to the study.
The electroencephalography (EEG) was recorded from 64 channels. Non-painful tactile stimuli (~140 kPa) were
delivered to the right index finger via using a pneumatic stimulator. Somatosensory evoked potentials (SEP) paradigm
was used in all session. Inter-stimulus interval (ISI) was selected as 2s, 4s, and 8s and applied in separate sessions (as
[SIz, ISI4 and ISIs).

Results: Peak-to-peak maximum amplitudes of N2, P3 and N4 components were measured for three different ISI and
for three different electrode sites (Fz, Cz, Pz). The 3x3 repeated measures ANOVA test was employed for statistical
analysis. According to the analysis, a significant inter-stimulus interval (ISI) effect was found on both PPmaxnzp3 and
PPmaxpsns (p=0.004 and p=0.001 respectively). The amplitudes of ISIs session in all electrode sites higher than ISI2
session for both PPmaxnzps (p=0.024) and PPmaxpsns (p=0.012). Also, ISIs session has higher amplitudes than ISIz
session (p=0.05) for the PPmaxp3na.

Conclusion: This study revealed that the late components of SEPs are affected by the ISI change. The amplitudes of
SEP components are increased as ISI increased.
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Uyaranlar Arasi Siirenin Agrisiz Dokunsal Uyaran Yanitlarina EtKisi:
Elektrofizyolojik Yaklasim

0z
Amag: Bu calisma farkli uyaranlar arasi siirenin agrisiz dokunsal uyaranlar iizerindeki etkilerini ortaya koymayi
amaglamaktadir.

Yontem: Calismaya sag elini kullanan 12 goniillii (6 kadin; yas ortalamasi: 22,9 + 1,93 yil) katilmistir. Katilimcilarin
sag el isaret parmagl pulpasina agrisiz dokunsal uyaran (~140 kPa) pnomatik uyarici lnitesi aracilig ile
uygulanmistir. Katiimecilara tim oturumlarda dokunsal uyarilma potansiyeli paradigmasi (Somatosensory evoked
potentials-SEP) uygulanmis ve oturum stiresince elektroensefalografi (EEG) kayitlar1 alinmistir. Uyaranlar arasi siire
2s, 4s ve 8s olarak se¢ilmis ve ayr1 oturumlar (ISIz, ISI4 ve ISIs) seklinde katilimcilara uygulanmistir.

Bulgular: Agrisiz dokunsal uyarana karsi olusan yanitlarin koldan kola en ytiksek genlik dl¢imleri N2, P3 ve N4
bilesenleri icin {i¢ farkli uyaranlar arasi siirede ve ii¢ farkli elektrot bolgesinde (Fz, Cz ve Pz) yapilmistir. Her ii¢
elektrot bolgesi icin de en biiytiik genlikler 1SIs oturumunda gozlenmistir. Tekrarli ANOVA testi sonuglarina gore
PPmaxnzp3 ve PPmaxpans igin anlaml bir uyaranlar arasi siire etkisi bulunmustur (sirasiyla p=0,004; p=0,001). ikili
karsilastirmalar sonucunda, ISIs oturumundaki PPmaxnzprs ve PPmaxpesns icin olusan genliklerin ISIz oturumundaki
genliklerden anlaml olarak biiyiik oldugu bulunmustur (sirasiyla p=0,024; p=0,012). Ayrica ISI4+ oturumunda olusan
PPmaxp3ns genlikleri ISI2 oturumundaki genliklerden anlamli olarak biiytktiir (p=0,05).

Sonug: Bu ¢alisma, agrisiz dokunsal uyaranlara karsi olugsan beyin yanitlarindaki ge¢ bilesenlerin uyaranlar arasi siire
degisiminden etkilendigini ortaya koymustur. Uyaranlar arasi siire arttikca uyaranlara karsi olusan beyin yanitlarinin

genliklerinde artis gézlenmistir.

Anahtar kelimeler: Agrisiz dokunsal uyaran, uyum, uyaranlar arasi siire, elektroensefalografi

INTRODUCTION

The phenomenon of habituation has been
observed during the process of repetitive
stimuli within a wide range of organisms from
amoeba to highly organized organisms such as
amphibians, reptiles, birds, humans and some
plantsl. This process basically prevents cortical
areas from the irrelevant information and this
way organism can save time and energy to
distinguish the relevant sensory inputs from
the multisensory world2. The studies generally
focused to the habituation mechanisms of
human auditory and visual systems. Despite the
importance, especially during the perception of
the outside world from the early stage of life-
span? include variety in sensation such as
pressure, pain, temperature and muscle sense,
habituation mechanisms of human
somatosensory system was studied in a
relatively few number of studies. Generally,
somatosensory perception and the possible
habituation mechanisms are investigated by

using the painful or mechanical (electrical,
laser, heat, vibration and rotation) stimuli in
the literature+-8,

Nowadays, with the development of the
technology, the haptic feedback became a very
important topic in scientific research including
the invasive surgery, electromechanical
graphics and haptics added to mobile phones
and large-scale displays. Beyond the haptic
feedback, the basic habituation mechanisms of
the tactile or touch stimuli became to an
important topic for the researchers®. It is
known that the cortical responses to tactile
(non-painful) and nociceptive (painful)
processing have different temporal and spatial
activation patterns10-12, But the habituation
mechanisms of tactile stimulation are not clear
yet in regard to electrophysiology. Inter-
stimulus interval manipulation is one of the
valid methods to investigate the habituation on
somatosensory  perception in  healthy
individuals and patients13. In these studies, the
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pain habituation has been studied well but the
effects of inter-stimulus interval on habituation
by wusing touch stimulus have not been
investigated until now.

In this context, the current study aimed to
investigate the effect of different inter-stimulus
interval on the habituation process by using
non-painful tactile stimulation.

METHODS
Twelve right-handed healthy volunteers (6
female; mean age: 229 * 193 years)

participated to the study. The handedness was
evaluated by a Turkish version of the
Edinburgh Handedness Inventory. None of the
participants have any self-reported
neurological, psychological or chronic diseases.
The local ethical committee of the university
approved the study (EK2018/12-29) and all of
the participants signed the informed consent
before the attendance to the study.

Brain responses recorded via 64 channel
electroencephalography (EEG, Neuroscan 4.2,
Synamps, USA) while participants were seated
in a comfortable chair in a room with an
electromagnetic shield and sound isolation.
Embedded Microcontroller Stimulation Unit
(EMISU)* and additional equipment such as
video recording system and analysis computer
were used during the recordings.

For the EEG recordings a specific 64 channel
cap (Quik Caps, Compumedics, USA) was used
and were placed according to the international
10-10 electrode positions system!5. For the
references, earlobes were linked [(A1+A2)/2]
with Ag/AgC(l electrodes. Additionally, Ag/AgCl
electrodes were placed to the outer canthus of
the left and right eyes for the
electrooculography (EOG) recordings to
monitor the eye movements. Both the reference
and EOG electrodes were filled with the EEG
paste (EEG Paste-z401CE, Japan), while the cap
electrodes were filled with the EEG gel
(Neurogel-Genova/Italy) to reduce the
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impedance. All impedance values were kept
under the 10 k(.

Non-painful tactile stimulations were delivered
via a pneumatic stimulation unit
(Somatosensory  Stimulus Generator 4-D
Neuroimaging, USA) and was applied to the
index finger pulp of the right hand via clips
which have moving membrane under the
constant air pressure (Figure 1). The air
pressure for the stimulus was set at ~140 kPa.
The time of the delivered stimulus to the
subject was marked to the EEG for the offline
analysis.

Figure 1: Non-painful tactile stimulus delivered via clips which
has been demonstrated in the figure. (A) is the membrane
without stimulus, (B) with stimulus in the clips and (C) while
the finger is placed.

Participants came to the laboratory in two
different days. In the first day, the environment
of the EEG room and the experimental protocol
were introduced to the participants. In the
second day, all participants filled the forms
(incl. informed consent and personal
information form) and scales (incl. Edinburgh
Handedness Test, Epworth Sleepiness Scale,
The State Trait Anxiety Inventory-STAI-TX1)
and they attended to the whole experimental
procedure. Somatosensory evoked potential
(SEP) paradigm was used in all recordings.
Inter-stimulus interval (ISI) was selected as 2s,
4s, and 8s and applied as separate sessions
with a randomized order for each participant.
The stimuli were presented as 40 times in each
session and total stimulus duration 200 ms.
Therefore, all participants received a total of
120  stimuli.  Additionally, there was
approximately 5 minutes resting period
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between the sessions. During the recordings,
the subjects were instructed to keep their eyes
at a fixation point located on the computer
screen and ignore the stimuli.

For the sake of simplicity, three electrodes (Fz,
Cz, and Pz) were analyzed primarily. Off-line
analysis was conducted to reveal the brain
responses to the non-painful tactile stimuli. The
off-line analysis procedure contains cutting
epochs, baseline correction, artefact rejection,
filtering and averaging. As a first step, eye
blinks and eye movements were extracted from
the continuous EEG by using a tool, based on
Independent Component Analysis, on the Scan
4.5 software (Neuroscan Inc., USA). Then, the
epochs were created by cutting the continuous
data from -1000ms (pre-stimulus) to 1000ms
(post-stimulus). The epochs, which contained
greater than +* 50 pV amplitudes were also
rejected. Then, remaining epochs were
corrected to the baseline by using pre-stimulus
interval and filtered with a 0.5 - 48 Hz band-
pass filter (12 dB/octave gain and zero phase
shift). In the last step of the analysis, the
individual average files were created and they
were used for the peak to peak maximum
(PPmax) amplitude measurements. In the
literature, there are many different notations
for the SEP components. In this study we
demonstrate the peaks N200 as N2, P300 as P3
and N400 as N4. Therefore, the PPmaxnzpr3z and
PPmaxp3ns calculated by subtracting the
amplitude of N2 from the amplitude of P3 and
N4 from P3 respectively (See Figure 2).

Statistical Analysis

SPSS software (v24, IBM, USA) was employed
for the statistical analysis. A two-way 3x3
repeated measures ANOVA (rm-ANOVA) was
applied for the statistical evaluation. The peak-
to-peak maximum amplitudes were measured
for three different inter-stimulus intervals (2s,
4s, and 8s) in three different electrode
locations (Fz, Cz and Pz). ISI and electrode

positions were analyzed as within subject
factors. In all cases, the sphericity was
maintained. Significance level was selected as
0.05 for all comparisons. Additionally,
Bonferroni correction was applied to the
pairwise comparisons.
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Figure 2: Grand averages of Somatosensory Evoked Potentials
(SEP) are demonstrated in Cz electrode for three inter-stimulus
interval sessions (2s, 4s, and 8s). The horizontal axis denotes
times in seconds, while the vertical axis denotes amplitudes of
responses to non-painful tactile stimuli in microvolts (uV).
Time zero “0” represents the stimulation time. Peak to peak
amplitude measurements were done according to the N2, P3
and N4 components.

RESULTS

PPmaxnzps and PPmaxpsnsa amplitudes were
measured for all participants in three different
electrodes and three different ISI sessions.
According to the rm-ANOVA, a significant inter-
stimulus interval (ISI) effect was found on both
PPmaxnzp3 F(2,22)=7.17; 1%=.395; p=0.004) and
PPmaxp3n4 F(2,22)=8.93; n*=.448; p=0.001). To
reveal the significant differences between the
ISI's, pairwise comparisons were employed.
According to these comparisons, ISIs session
has significantly higher amplitudes than ISIz
session (p=0.024), and the amplitudes of ISI4

session is higher than the ISI2 sessions’
(p=0.05) in all electrode areas for the
measurements of PPmaxnzes. For the
measurements of PPmaxp3ns, pairwise
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comparisons indicated that ISIs session has
significantly higher amplitudes than ISI2
session (p=0.012). ISIs session has the highest
amplitudes for all electrode sites (Fz, Cz and
Pz) in both measurements of for PPmaxn2zp3 and
PPmaxpsns (Figure 3). An increase in
amplitudes to non-painful tactile stimuli was
observed with the increase of the inter-
stimulus interval for both PPmaxnzps and
PPmaxp3ns (Figure 2). Despite the significant
amplitude differences, there were no significant
effects of electrodes and ISI / electrode
interaction in regard to rm-ANOVA results.
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Figure 3: The mean amplitudes of PPmaxnzps (A) and
PPmaxrsns (B) were demonstrated for three inter-stimulus
interval (2s, 4s and 8s) sessions in three electrode areas (Fz, Cz,
Pz). White bars represent the ISIz session, gray bars represent
the ISIs and black bars represent the ISIs session.

DISCUSSION

The current study aimed to reveal the
habituation process on somatosensory system
by investigating the brain responses to the non-
painful tactile stimuli with different inter-
stimulus intervals (ISI) 2s, 4s, and 8s.
Accordingly, the present study revealed that as
ISI prolonged the amplitudes increased. In the
literature, studies revealed an increase in
amplitudes as the ISI increased by using the
painful>81617  vibration® or mechanical
(rotation of the hand) stimuli*. These stimuli
were generally applied to the hand, wrist, arm
or leg. In the present study, non-painful tactile
stimuli applied to the fingertip. When the
stimulus type is considered, electrical stimuli
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can be evaluated as unnatural. Tactile stimulus
is simple and more relevant to the daily life
sensory transmission and might be comfortable
for the participant compared to the electrical
stimuli. Despite the similar neural pathways
are involved to the signal transduction, from
receptors to the brain, the context of the
electrical and tactile stimulus can be evaluated
very differently in regard to perception.

In the real world, we are trying to detect the
change of the stimulus parameters during the
perception. During these processes the hands
provides complex interaction with the
environment and behave like a sensory
detector!8. People are touching and describing
the objects via their fingers neither their
elbows nor the wrists19.Hence, the stimulation
from the elbow, wrist or arm can be evaluated
as artificial stimuli, while the stimulus used in
the current study was evaluated as a simple
touch which was defined as “baby touch” by
most of the participants. Non-painful tactile
stimulus delivered to limited area of the
fingertip. Thus, stimulation of more than one
nerve fiber and muscle group was avoided.

In the literature, somatosensory evoked
potentials (SEP’s) and somatosensory evoked
fields (SEF’s) were wused to investigate
habituation process due to the nature of
experimental design which contains repetitive
stimulations. In one of the oldest studies about
the habituation process, mechanical stimuli
(rotational) was delivered to the wrist with the
different ISIs (0.5s, 1s, 2s, 4s, 8s, and 16s), and
as a result, larger ISIs associated with the
increased amplitudes®.

In another study, possible habituation process
was investigated via the painful laser stimuli
with different inter-stimulus intervals including
0.5, 1, 2, 4, 8, and 16 seconds. According to the
peak-to-peak maximum amplitude
measurements, they revealed a significant
increase in the amplitudes from the ISI-1s
session to ISI-2s session and also from ISI-2s
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session to ISI-4s session. Also, there was a
general increase in amplitudes with longer ISIs
but these increments were not significant20.
The studies in which electrical and vibrotactile
stimuli were applied to the finger, amplitude
increased as ISI increased?l. The study which
performed by Tomberg et al. showed that the
N30 component amplitude increased as ISI
increased. But there were no significant peak
differences (N20, P27, N60, P100 and P200) in
long ISIs (1400, 2500 and 4000 ms). These
studies tried to evaluate the very early and
early components of SEP’s or SEF’s to reveal
the habituation process on somatosensory
system. In addition to the literature, the
present study evaluated the relatively late
components of SEP’s including the N200, P300
and N400. Current study revealed an amplitude
increase when the ISI's (2s, 4s and 8s) are
increased. This finding is in line with the
previous findings in regard to studies
investigated the SEP’s and SEF’s. In the present
study significant increase of the amplitudes
were measured between the ISI2 and ISIs
session.

These findings might be explained by the
different type of stimulus. Moreover, very early
and early components might be the affected
peaks due to the electrical or vibration
stimulation, while the late components (N2, P3
and N4) might be the affected peaks due to the
non-painful tactile stimuli. Indirectly, it is
possible to speculate that the habituation can
be observed in the late components of SEP’s
during the perception of tactile stimuli.

Additionally, there were no significant increase
after 4000 ms of ISI in the literature2® 21, But
current study showed a significant increase in
the 8000 ms of ISI in comparison with the
2000ms. In our preliminary study we also
spotted a 66% increase of amplitudes in ISI16
compared with the ISI2. Therefore, we conclude
that the significant differences can be observed
when the differences between the ISIs were at
least four times bigger than each other. To

clarify these theories, further studies needed in
terms of different ISI’s setup.
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